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Introduction
Tropical Pacific variability, and specifically the simulation of ENSO in coupled ocean-

atmospheregeneral circulation models (CGCMs) has previously been assessedin many studies
(McCrearyand Anderson[1991], Neelin et al. [1992], Mechosoet al. [1995], Latif et al. [2000], and
Davey et al. [2000]). Thesestudieshave concentratedon SST variationsin the tropical Pacific, and
discussionsof the atmosphericresponsehavebeenlimited to east-westmovementsof the convergence
zone.In this paperwe discussthe large-scaleatmosphericresponseto simulatedENSOevents.Control
simulationsfrom 17 global CGCMs from CMIP (Meehl et al. [2000]) are studied.The web site http://
www-pcmdi.llnl.gov/cmip/modeldoc provides documentation of the configurations of the models.

Results
For each model we have calculatedthe SouthernOscillation Index (SOI) and surface air

temperatureanomalies(TASA) in theNIÑO3 region(5˚ N-5˚ S, 150̊ W-90̊ W); theareaof thePacific
wherethe mostdramaticchangesin temperatureassociatedwith ENSOeventsare found. Warm (cold)

eventsaredefinedwhenthestandardizedDJFseasonalanomaliesof theNIÑO3 TASA is ≥0.6 (≤ -0.6)

and the standardizedSOI is ≤ -0.6 ( ≥0.6). The
year preceding the anomalousDJF seasonis
denoted"year 0", consistentwith the definition
of Rasmussonand Carpenter[1982]. The time
evolution of monthly NIÑO3 TASA composites
areplotted for warm eventsin Fig. 1, wherewe
haveusedthe GISST2.2 dataandthe CRU SOI
to form the observedcomposites.The shaded
areadenotestheonestandarddeviationenvelope
of theobservedNIÑO3 SSTAevolutionfrom the
GISST 2.2 dataset.The phase locking of the
warm andcold eventswith the seasonalcycle is

readily seenin the observations,with the peakof the eventsoccurringin the winter of year(+1).This
similarity in phasingof individual events,asdescribedin RasmussonandCarpenter[1982], showsthat
while the amplitudesof El Niño episodesvary, their phasingcanbe remarkablysimilar in that the peak
SSTanomaliesoccurin theborealwinter. Many of themodelsdo not showpronouncedphaselocking in
the temperatureevolution, and they tend to lie outsidethe envelopeof observedeventsin the boreal
winter of year(+1).Thesemodelsalso do not simulatewell the transition from negativeto positive
anomaliesseenin the observations.The modelsthat comparewell with the observationsare BMRC,
CCSR,ECHAM4/OPYC3,HadCM2(flux-correctedmodels),andCERFACS,DOE- PCM,andHadCM3
(non-flux-corrected models).
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To examinetheglobalatmosphericresponseat thepeakof ENSOtheDJFseasonalanomaliesof
theTAS, meansea-levelpressure(PSL)andprecipitation(PR)werecompositedbasedon theeventsused
to generatethecompositesin Fig. 1. For El Nino, compositeanomaliesof TAS andPSLfrom theNCEP
reanalysis(1949-1998)are shown in Fig. 2. Fig. 2 shows the dramatic perturbationto the Walker
circulation and the warm TAS anomaliesin the tropical Pacific. Enhancedrainfall overlies the warm
temperatureanomaliesin the tropical Pacific, and thereis evidenceof an eastwarddisplacementof the
SouthPacific ConvergenceZone(not shown).In the Pacific Ocean,the datelineis a key regionfor the
anomaliesof TAS and PSL. Specifically, this is the location of transition for Walker circulation
anomaliesandto theeastof thedatelinethe largestpositiveTAS anomaliesarefound.With theserobust
featuresof ENSOin mind,we find thatthesimulatedwarmeventcompositescanbecategorizedinto four
groups.

Group 1: CERFACS, ECHAM4/OPYC3, HadCM2, and HadCM3 are most consistentwith
observations.A representativemodel (ECHAM4/OPYC3)is shownin Fig. 3. Notably, they havewell
definedWalkercirculationanomalies,with enhancedTAS anomaliesextendingfrom the tropical central
Pacific to the west coastof South America. Thesemodelsalso simulatewell the associatedEl Niño

rainfall in the tropical Pacific.

Figure 2. NCEP Reanalysis. DJF composites for warm events. (a) TAS, (b) PSL (Positive anomalies
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NCEP Reanalysis. Warm event psl anomalies for DJF (hPa)
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Figure 3. ECHAM4/OPYC3 control run. DJF composites for warm events. (a) TAS, (b) PSL
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Group 2: BMRC, CCSR, and CSIRO are characterizedby a westwarddisplacementof the Walker
circulationanomalies(BMRC shownin Fig. 4). In thesemodels,positivePSLanomalies>0.5hPaextend
to only ~150˚E in the tropical Pacific. The maximumTAS warming is locatedin the tropical central
Pacific Ocean,while the anomaliescloser to South America are decidedly weaker than observed.

Enhancedrainfall of >0.5mmday-1 fails to extend eastof ~150˚W in the equatorialPacific, consistent
with the westward displacement of temperature and pressure anomalies.

Group3: CCMA, ECHAM3/LSG,GFDL, IAP/LASG, MRI, andNCAR/WM exhibit a morepronounced
westwarddisplacementof theWalkercirculationand/orvery weakpositivePSLanomaliesin thevicinity
of the Maritime continent(CCCMA, Fig. 5). The TAS anomaliesin the tropical Pacific arevery weak.
OtherthanGFDL, all of thesemodelshavea warmNorthernHemisphereover thePacificOcean,failing
to simulatethe reducedTAS thatextendsfrom theMaritime continentinto thenortheasternextratropical
Pacific Ocean.only CCMA andGFDL have their strongestpositive rainfall anomaliesnearthe dateline.
The remaining models unrealistically have their enhancedrainfall anomaliesin the vicinity of the
Maritime continent.

Group4: Theremainingmodels, DOE-PCM(shownin Fig. 6), GISS,LMD/IPSL, andNCAR/CSM,are
characterizedby hemisphericPSLanomaliesin thePacificthataremoreconsistentwith a modificationof
the Hadley circulation rather than the Walker circulation. North of the equatorthe tendencyis for
negativePSLanomalies,while southof theequatorthePSLanomaliesarepositive.Consistentwith these

Figure 4. BMRC control run. DJF composites for warm events. (a) TAS, (b) PSL
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errorsin the circulationandtemperature,the rainfall anomaliesclearly reflecta northward displacement

of the tropical convergence zone.
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